. important processes of carbon and nitrogen assimilation.
Low concentrations of iron in cultures or natural waters can lead to iron limitation which affects many aspects of algal metabolism.
In natural waters, iron limitation can have effects on the patterns and rates of primary productivity. The members of the Committee approve the thesis of Karen Lorraine Jones presented July 25, 1988 Carl C. Wamser 
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Bernard Ross, Vice Provost for Graduate Studies Another study of the changes in ultrastructure as a result of iron deficiency was done on the cyanobacterium Anacystis nidulans (10) . Under iron-limited conditions, a decrease in the amount of membranes, phycobilisomes and carboxysomes and an increase in the amount of glycogen storage granules were observed using electron microscopy.
Restoration of the normal structure was observed, over time, after the addition of iron.
Chlorophyll and membrane content in A.nidulans and
Synechococcus cedrorum were studied during iron starvation (11) . The pigments phycocyanin and chlorophyll were analyzed using optical and fluorescence spectroscopy. Changes in the components of the photosynthetic electron-transport chain in response to iron-deficiency have been studied in the cyanobacteria Aphanocapsa (14) .
Relative amounts of the photosynthetic Fe-S centers were analyzed using EPR spectroscopy. Work has been done to study the preliminary effects of iron deficiency (15) . The effects of iron-limitation on electron transfer activities and the redox components were studied in Aphanocapsa. Photosynthetic oxygen evolution and electron transfer reactions such as PSI and PSII activity and respiratory activity were measured.
Also, the amounts of Fe-S centers in PSI and the cytochrome b6-f complex were assayed using ESR spectroscopy. Optical difference spectroscopy was used to assay components such as P700. The investigators reported that, although respiration and pigmentation were only slightly affected by moderate iron-limitation, electron transfer was suppressed due to decreased amounts of iron containing components of the photosynthetic apparatus.
An immunological assay was used to study the biosynthesis of Fd in Chlamydomonas reinhardii (16) .
Using highly specific antibodies against Fd, it was found that, under iron-limited conditions, the synthesis of Fd was inhibited by apoferredoxin at the transcriptional level.
Other assays of Fe-S proteins that could be used to quantify response to iron nutrition are the extrusion of Fe-S clusters and fluorine NMR as described by Mortenson and Gillum (17) and Mossbauer spectroscopy which has been used to study Fe-S clusters of the photosystem I reaction center in the cyanobacteria Chlorogloea fitschii (18) . The role of iron in the green alga Scenedesmus quadricauda has been studied to consider the influence of iron availability on primary productivity in natural waters (24) . It is well known that light and nitrogen availability are important to patterns of productivity.
The investigators report that it is likely that iron is also important, since the results showed that nitrogen metabolism and photosynthesis were affected by iron availability.
Iron is essential in several metabolic processes including carbon assimilation, which is responsible in part for atmospheric C02 levels and, consequently, global
climate. Phytoplankton are a major contributor to the removal of C02 in the atmosphere. In this context, the effect of iron deficiency in phytoplankton found in the north-east Pacific subarctic has been studied (25) .
Although levels of nutrients such as phosphate, nitrate and silicon dioxide were found to be in excess, growth was The ecological implications of the effect of iron on bioluminescence have been considered (29) . Some symbiotic bacteria have the ability to emit light through bioluminescence, which is maximized by iron limitation.
Understanding the influence of nutrients, including iron, on this process could elucidate the role of light emission for the various bacteria in their diverse environments.
Statement of Research Problem
The methods commonly used to observe iron nutrition are of ten complicated, time consuming and require a large sample size. These methods are usually not portable.
Cells growing in their natural environment are usually dilute and much time is required to collect large samples.
It would be advantageous to be able to acquire information regarding iron nutrition in natural samples, quickly and on-site. This lead to the necessity of developing a rapid, sensitive and simple assay. The method described here fills these requirements.
Since 
Acetone Powders
The culture was centrifuged and the resulting pellet was slowly added to 400 mL of vigorously stirring acetone kept between -10 and -20 °c and left for 45 mins. The suspension was filtered on a Whatman GF/A 1.6 µm filter and rinsed with cold acetone. The concentrated slurry was poured into a second volume of cold acetone and the process repeated.
The sample was then filtered until the pellet was mostly dry.
Collection of Trichodesmium
Trichodesmium colonies were collected two to three km west of the Bellairs Research Institute in Barbados, W.I.
(approximately 13°12'N, 59°40'W). Samples were collected using net tows according to a previously published method (26) . Acetone powders were prepared as described above.
Several species of this organism were collected at the same time. Samples are not distinguished on the basis of species, so all references to this organism are as Trichodesmium.
General Procedures
All buffers used in this work, except where noted, refer to a solution of 25 mM tris(hydroxymethyl)aminomethaneHCl (Tris) from Sigma, in nanopure water at pH 8.3. Other reagents used were Safeway sucrose and Sigma NaCl. Cellex D, DEAE-cellulose from Bio-Rad and Sephadex G75 were used as ion exchange and gel filtration column materials, respectively.
Procedures were carried out at 4°C whenever possible.
Purification of Spinach Fd
Fd was purified from Safeway spinach using column In order to take spectra and rerun the samples on the FPLC, the eluted fractions were dialyzed against buff er overnight to remove the salt and concentrated over a YM-2 membrane in an Amicon concentrator.
Desalting and concentration were also performed without dialysis.
In addition, concentration of the eluted fractions was attempted using lyophilization.
Visible Spectroscopy.
Since the attempts to purify 3nd concentrate the eluted proteins were unsuccessful, Retention Tiae.
•ins Figure 5 . Elution of soluble proteins in Anabaena (500 µL) from a FPLC column.
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To verify these retention time assignments, attempts were made to purify the eluted proteins for further analysis.
The initial attempts to purify these proteins from Anabaena Table I lists the Fd and Flv to soluble protein ratios for different The results of these experiments show that this method can be used to identify Fd and Flv. In addition, the trends in the relative amounts of Fd and Flv as a function of media iron concentration can be observed. This study also proved that the FPLC can be effective for analysis of small amounts of protein.
The FPLC results for Anabaena from Table I Data is reported in Table I Analysis of Trichodesmium . Figure 9 is representative of the peaks found in Trichodesmium collected in Barbados. 
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By analogy with Anabaena, the proteins that eluted at 11.5 and 14 minutes were thought to be Flv and Fd, respectively. Table   II lists This kind of study could also be done in reverse, by starting a culture in a low iron concentration and measuring Fd and Flv over time, after iron additions. Combined with other information, such as siderophore production and nitrate uptake rates, this study could help elucidate the mechanisms of survival under iron-stressed conditions. It would also be interesting to compare time course studies of different cyanobacteria and algae. By studying the methods by which different organisms cope with iron stress, it might be possible to explain blooms or the dominance of one organism in natural waters.
The method described here could be used as a routine analysis of nuisance blooms of cyanobacteria and algae in natural waters or reservoirs prior to the development of a treatment scheme. For example, if the organism is irondepleted, it may produce siderophores, which also bind copper (21) . Copper sulfate has been used to control nuisance blooms since it is toxic to cyanobacteria in high concentrations. Chelation of copper has been observed to reduce its toxicity. Effective treatment of blooms with copper might be done before the organism responds to iron limitation with siderophore production. A rapid, sensitive assay of iron stress would help determine when the copper should be added.
Since iron availability may limit carbon and nitrogen assimilation in oceans, studies of iron nutrition in marine, photosynthetic microorganisms would be important to global ecological considerations (26) . The method employed here to study Trichodesmium could be used to analyze other marine cyanobacteria and algae in order to understand the effect of iron availability on the environment.
